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METHOD AND APPARATUS FOR REDUCING POWER CONSUMPTION IN 
CELLULAR TELEPHONES AND LIKE RECEIVING DEVICES 

FIELD OF THE INVENTION 

The present invention relates generally to- radio- 
5 frequency (RF) communications and receivers therefor, and 
more particularly, to cellular, or mobile, radiotelephones 
(referred to hereinbelow as cellular telephones) . Still 
more particularly, the present invention relates to methods 
and apparatus for reducing standby power consumption in 
10 analog or dual mode cellular telephones employing the AMPS 
communications standard. 

BACKGROUND OF THE INVENTION 

The preferred application of the present 
invention is in association with an analog cellular 

15 telephone, and thus, the cellular telephone field is the 
technological field most pertinent to the preferred 
embodiments of the invention. However, the present 
invention may also be employed in association with a dual 
mode (analog/digital) cellular telephone and like receiving 

20 devices. Accordingly, except as they may be expressly so 

limited, the scope of protection of the claims appearing at 
the end of this specification is not limited to 
applications of the invention involving an analog cellular 
telephone . 

25 Figure 1 is a block diagram of a cellular 

telephone. The cellular telephone includes a radio 
transceiver 10, a demodulator 12, an error correction 
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decoder 16, and a voice decoder 18, which are all coupled 
to the speaker portion of a handset 20. (Figure 1 also 
depicts a bidirectional equalizer 14 that is not relevant 
to the present invention.) The system further comprises, 
5 coupled to the microphone portion of the handset 20, a 

voice encoder 22, error correction encoder 24 and modulator 
26. 

The cellular telephone operates in the 
environment of a cellular system. A cellular system 

10 typically includes many cell sites and a centrally-located 
cellular switch, called a Mobile Telephone Switching Office 
(MTSO) . Cell sites are usually spaced at distances of one- 
half to twenty miles and comprise one or more antennas 
mounted on a triangular platform placed on a tower or atop 

15 a tall building. The fundamental idea behind a cellular 

system is frequency reuse. This concept of frequency reuse 
is implemented by employing a pattern of overlapping cells, 
with each cell conceptually viewed as a hexagon. Frequency 
reuse allows the cellular system to employ a limited number 

20 of radio channels to serve many users. For example, a 
given geographic area may be served by N cells, divided 
into two clusters. Each cluster would contain N/2 cells. 
A separate set of channels would be assigned to each cell 
in a cluster. However, the sets used in one cluster would 

25 be reassigned in the other cluster, thus reusing the 

available spectrum. The signals radiated from a cell in 
channels assigned to that cell would be powerful enough to 
provide a usable signal to a mobile cellular telephone 
within that cell, but preferably not powerful enough to 

30 interfere with co-channel signals in distant cells. All 
cellular telephones within the system would preferably be 
capable of tuning to any of the channels . 

The Federal Communications Commission (FCC) has 
allocated a 25 MHz spectrum for use by cellular systems. 

35 This spectrum is divided into two 12.5 MHz bands, one of 
which is available to wire line common carriers only and 
the other of which is available to non-wire line common 
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carriers only. In any given system, the non-wire line 
service provider operates within the "A side" of the 
spectrum and the wire line provider operates within the "B 
side" of the spectrum. Cellular channels are 3 0 KHz wide 
5 and include control channels and voice channels. Each cell 
site (or, where a cell site is sectored, each sector of 
that cell site) uses only a single control channel. The 
control channel from a cell site to a mobile unit is called 
the "forward" control channel and the control channel from 

10 the cellular telephone to the cell site is called the 
"reverse" control channel. Signals are continuously 
broadcast over a forward control channel by each cell site. 

When a cellular telephone is first turned on, it 
scans all forward control channels, listening for the 

15 channel with the strongest signal. The telephone then 
selects the forward control channel with the strongest 
signal and listens for system overhead messages that are 
broadcast periodically, for example, every 0.8 seconds. 
These overhead messages contain information regarding the 

2 0 access parameters to the cellular system. The overhead 
messages also contain busy/idle bits that provide 
information about the current availability of the reverse 
control channel for that cell. When the reverse control 
channel becomes free, as indicated by the busy/idle bits, 

25 the cellular telephone attempts to register itself with the 
system by seizing the reverse control channel. 

Cellular telephones, while in an idle or standby 
mode, must constantly monitor a continuous stream of data 
messages sent by a cell site over a forward control 

30 channel. The format of these messages is depicted in 

Figure 2 and is explained in more detail in the Electronic 
Industries Association (EIA) 553 Cellular System 
specification. The cellular telephone uses a dotting 
sequence, the first segment of the message, to synchronize 

35 the cellular telephone hardware to a clock of the data 

message. A synchronization word (sync) indicates that the 
data sequence is about to start. Due to the unreliable 
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nature of a typical terrestrial propagation channel, 
messages from a cell site are repeated multiple times. 
Repeat streams A and B include forty-bit words (which are 
defined in EIA 553) , each word being repeated five times in 
5 the message. Each data word is approximately 4.4 msec 
"long" and an entire message (or frame) , including the 
dotting sequence, sync word, and streams A, B, is 
approximately 46.3 msec long. The cellular telephone 
receives both of the data streams A, B but processes only 

10 one of them. The least significant digit of the unit's 
telephone number determines which one the data streams is 
processed. If the telephone number is even, stream A is 
processed; otherwise stream B is processed. However, to 
receive and process these data streams, the telephone's 

15 receiver must be on and drawing power the entire time, 
thereby reducing the time the unit can be used. 

U.S. Patent No. 5,175,874, December 29, 1992, 
titled Radiotelephone Message Processing for Low Power 
Operation, discloses a process for reducing power 

20 consumption in a cellular telephone. The disclosed process 
receives, digitizes (i.e., quantizes to binary form), and 
stores a first data word. An error code in the data word 
is then checked to determine whether errors exist in the 
word. If there are errors, the digital word is corrected. 

25 A second data word is then received, digitized, checked for 
errors, and, error corrected if necessary. The second 
digital word is then compared with the first. If the words 
are not the same, the receiver remains on until at least 
two words are identical or the entire five -word message is 

30 received, whichever occurs first. If two received words 
are equal, the message is processed and the receiver is 
turned off during the remaining portion of the message, 
until the next synchronization word is received. 

Thus, in the process disclosed in the above -cited 

3 5 patent, a minimum of two message words must be received, 

converted to binary form, error corrected, and compared to 
one another to determine whether they are identical. This 
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process is therefore limited to systems that encode the 
message data with an error correction code. In addition, 
it is believed that the disclosed process provides an 
unacceptably high average number of words received (note 
5 that a minimum of two words must be received) and 
unacceptably high probabilities of miss and false 
acceptance . 

SUMMARY OF THE INVENTION 

A primary goal of the present invention is to 

10 provide improved, in terms of performance and applicability 
to systems which do not employ error correction coding, 
methods and apparatus for reducing power consumption in a 
cellular telephone or like receiving device that receives 
multiple copies of a message. Pursuant to this goal, the 

15 present invention provides methods for reducing power 
consumption in a receiving device operating in an 
environment wherein multiple copies of a message block are 
transmitted for reception by the receiving device. The 
inventive methods comprise the steps of receiving a copy of 

20 a message block comprising a plurality of data bits; 

generating unquantized (soft) output signals representative 
of all bits in the block; computing a block quality metric 
indicative of the reliability of the block; comparing the 
block quality metric with a first threshold; and, if the 

25 block quality metric bears a predetermined relation to the 
first threshold, combining the current block with a 
previously accepted block to obtain a combined block. Some 
embodiments of the invention will interrupt processing of 
further copies of the block if the block quality metric 

30 bears the predefined relation to the fdrst threshold. 

However, presently preferred embodiments of the invention 
continue to the steps of determining whether the combined 
block includes any erasures (e.g., by employing a second 
threshold) and, if so, the number of erasures; comparing 

35 the number of erasures with a third threshold and 

continuing to the following step if the number of erasures 
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is below the third threshold; decoding the combined block 
to determine whether it includes any errors and, if so, the 
number of errors ; comparing the number of errors with a 
fourth threshold and, if the number of errors is below the 
5 fourth threshold, accepting the combined block and 

continuing to the following step; and generating timing 
signals instructing the receiving device to interrupt 
reception of further copies of the message block for a 
specified period of time. 

10 In one preferred implementation of the present 

invention, the unquantized or soft outputs (i.e., the 
outputs before the decision variable is converted to a 
binary format) are generated by sampling the received block 
at sampling points, or decision points, so as to obtain 

15 representations of the individual bits forming the block. 

The block quality metric in preferred embodiments 
is an average value computed on the basis of the 
unquantized samples. For example, in one preferred 
embodiment (described below) , the block quality metric 

20 comprises the variance of the signal power (VSP) around the 
decision points. Another embodiment employs the mean 
squared error (MSE) around decision points as a block 
quality metric. 

Preferred embodiments further comprise the steps 

25 of rejecting the block and returning to the step of 

generating unquantized outputs if the block quality metric 
does not bear the predetermined relation to the first 
threshold. In addition, preferred embodiments further 
comprise the steps of rejecting the block and returning to 

30 the step of generating unquantized outputs if the number of 
erasures is not below the third threshold. Moreover, 
preferred embodiments further comprise the steps of 
rejecting the block and returning to the step of generating 
unquantized outputs if the number of errors (after 
3 5 decoding) is not below the fourth threshold. 

In preferred embodiments of the invention, the 
number of copies of each message block is predetermined 
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(e.g., five) and the inventive method includes the steps 
of, after the step of generating unquantized outputs, 
determining whether the copy received is the last copy and, 
if so, generating quantized (hard) decision points for the 
5 block, performing a majority vote with the last block and 
previously received blocks to construct a hard- combined 
block, and proceeding directly to the step of decoding the 
hard- combined block. 

The present invention may advantageously be 

10 embodied in a cellular telephone for operation in an 

environment wherein multiple copies of a message block are 
transmitted. Such an embodiment preferably comprises a 
radio transceiver; a demodulator; a voice decoder; a voice 
encoder; a modulator; and control means for controlling the 

15 operation of the telephone so as to minimize its power 
consumption. The control means comprises means for 
controlling the telephone in adaptively determining the 
quality of the reception of each copy of a received word 
and in receiving only as many copies as needed to result in 

2 0 reliable operation. 

The present invention exploits the fact that, due 
to the unreliable nature of a typical terrestrial 
propagation channel, messages from a central station (e.g., 
a cell site) to multiple receiving units (e.g., cellular 
25 telephones) are repeated multiple times. According to the 
invention, the receiving unit adaptively determines the 
quality of reception of each copy of a received word and 
receives only as many copies as needed to result in 
reliable unit operation. Under typical worst case channel 

3 0 conditions, reception of a single copy of each word is 

usually sufficient. Therefore, significant power savings 
result when the receiver and its associated circuitry are 
powered down during periods when reception of further 
copies of a word is unnecessary. 
35 Other features of the invention are described 

below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a cellular 

telephone . 

Figure 2 illustrates the format of a data stream 
5 (one frame) received from a cell site. 

Figure 3 is a flowchart of one preferred 
embodiment of the inventive method for reducing power 
consumption in a cellular telephone. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

10 The present invention may best be described in 

connection with a method for operating a receiving device 
such as a cellular telephone of the kind discussed above 
with reference to Figure 1. Accordingly, a preferred 
embodiment of the invention is depicted in Figure 3 as a 

15 flowchart representative of software or firmware 

controlling a cellular telephone. The physical software is 
not in itself depicted in the drawings. 

Referring to Figure 3, the inventive method 
begins by initiating the processing of a new frame (step 

20 30) . This step involves receiving a first copy of a 

message block. The method then generates unquantized, soft 
output signals representative of all bits in the block 
(step 32) . The soft outputs are generated by sampling the 
received block at decision points to obtain representations 

25 of the individual bits composing the block. For example, 
if the message frame contains 4 63 bits and the block 
contains forty bits, there preferably would be forty 
decision points at which a sample of the signal waveform 
would be obtained. The unquantized (soft) samples would 

30 be, in essence, numbers representative of the amplitude of 
the signal waveform at the respective sampling times 
(decision points) . These numbers would typically be 
positive and negative voltage values (±V, where V is 
unquantized) . 

35 A determination is then made whether this block 

is the last block a (step 34) . If this is not the last 
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block, the method computes a block quality metric 
indicative of the reliability of the block (step 36) . The 
block quality metric in presently preferred embodiments 
comprises the variance of the signal power (VSP) around 
5 decision points of the block. The VSP may be computed by 
computing/ as error values, the differences between 
respective sample values squared (which represent the power 
in the sample) and an average power. 

For example, the following formula may be 
10 employed to compute the VSP: 

itr-i 

VSP = -±£ (Vi~V) 2 

N-l 

* - ir v > 

iV i=0 

In the above formula, S ± represents the received 
signal (sample) at the decision points; V L represents the 
received signal power at the decision points; S represents 
the value of the ideal decision point; and N represents the 

15 length of the block in bits (N = 40 in the present 

example) . The ideal decision point S represents an ideal 
voltage sample which would be received in the absence of 
noise (e.g., plus or minus some constant) . 

It should be noted that the present invention is 

20 by no means restricted to the use of the VSP as a block 

quality metric. For example, the mean squared error (MSE) 
could be used instead of the VSP. 

The VSP is then compared with a first threshold 
Tl (step 38) . For example, the first threshold in 

25 presently preferred embodiments is 3.88*V 2 , where V 

represents the square of the ideal decision point S. If 
the VSP is less than the first threshold, the first block 
is combined with a previously "accepted" (see below) block 
to obtain a soft combined block (step 42) . If the VSP is 

3 0 not less than the first threshold, the block is rejected 
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(step 40) and the process branches to step 46, which is 
described below. 

After the soft combine step, the method 
determines the number of erasures in the block (step 43) , 
5 the number of erasures being another measure of the quality 
of the received block. The number of erasures is 
determined by comparing the signal samples S L with a second 
threshold T2 and declaring an erasure if Si is less than T2 . 
The number of erasures is then compared with a third 
10 threshold T3 (step 44) . In presently preferred 

embodiments, the third threshold is 2. If the number of 
erasures is less than the third threshold, the method 
decodes the soft-combined block (step 52), e.g., employing 
a BCH decoder (where "BCH" refers to the Bose-Chaudhuri , 
15 Hocquenghem error correction coding/decoding technique) and 
proceeds to step 54. If the number of erasures is not less 
than the third threshold, the method branches to step 46. 

At step 54, the number of errors is determined 
and this number is compared with a fourth threshold (e.g., 
20 one). The decoded block is accepted (e.g., by storing it 
in a buffer) if the number of errors is less than or equal 
to the fourth threshold (step 56) . The method then 
generates sleep/wake-up signals (step 58) and thereafter 
waits (step 60) until the next frame is received. The 
25 sleep/wake-up signals are timing signals instructing the 
receiving device to interrupt reception of further copies 
of the message block until the next frame begins. 

At step 46, the method prepares for receiving the 
next block. This step essentially comprises setting up the 
30 receiver hardware (e.g., timers) to receive the next block. 

As mentioned above, the number of copies of each 
message block is predetermined (e.g., five). The method 
determines (step 34) whether the copy received is the last 
copy and, if so, generates hard decision points for the 
35 block, i.e., quantizes the individual samples (step 48) . 
The method then performs a majority vote with the last 
block and previously received blocks to construct a hard- 
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combined block (step 50) . The generation of a hard- 
combined block by majority vote is well known. 

The present invention is by no means limited to 
the threshold values specified above in connection with the 
5 detailed description of one presently preferred embodiment. 
In general, threshold values are determined in the 
following manner. First, performance criteria are 
established for the specific application being considered. 
In the present case, the probability of missing a word and 

10 the probability of accepting a word falsely are the 

selected performance criteria. Ideally, both of these 
should be made as small as possible. Next, the sensitivity 
of these performance criteria with respect to each 
individual threshold is established. Thereafter, the first 

15 threshold is established on the basis of the performance 
criteria being close to where they should be. Then the 
next threshold is established to move the performance 
criteria closer to their target values . The process is 
then repeated with the next threshold, and so on, until the 

20 expected performance of the system meets the preestablished 
performance criteria. Finally, although two criteria were 
employed in the above example, it should be noted that one 
criterion may be sufficient in particular applications. 

Finally, it should be noted that the scope of 

25 protection of the following claims is not limited to the 
particularities described above in connection with the 
presently preferred embodiments. For example, the 
invention may be practiced in association with a receiving 
device other than a cellular telephone. 
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We claim: 

1. A method for reducing power consumption in a 
receiving device operating in an environment wherein 
multiple copies of message blocks are transmitted from a 
5 transmission device for reception by said receiving device, 
comprising the steps of : 

(a) receiving a copy of a current message block 
comprising a plurality of data bits; 

(b) generating unquantized output signals 

10 representative of ali data bits in said current message 
block; 

(c) computing, on the basis of said unquantized 
output signals, a block quality metric indicative of the 
reliability of said current message block; 

15 (d) comparing said block quality metric with a 

first threshold; and 

(e) if said block quality metric bears a 

predetermined relation to said first threshold, generating 

timing signals instructing said receiving device to 
20 interrupt reception of further copies of said current 

message block for a specified period of time. 



2. A method as recited in claim. 1, further 
comprising, before generating said timing signals, the 
steps of: 

25 (f) combining said current message block with a 

message block previously accepted by said receiving device 
to obtain a combined message block; 

(g) determining whether said combined message 
block includes any erasures and, if so, the number of 

3 0 erasures, wherein the number of erasures is determined by 
comparing samples of said combined message block with a 
second threshold and declaring an erasure if a sample is 
less than said second threshold; 

(h) comparing said number of erasures with a 
35 third threshold; 
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(i) if the number of erasures is below said 



third threshold, decoding the combined message block to 
determine whether it includes any errors and, if so, the 
number of errors; and 



5 



(j) comparing said number of errors with a 



fourth threshold and, if the number of errors is below said 
fourth threshold, accepting said current message block. 

3. A method as recited in claim l, wherein said 
step of computing the block quality metric comprises the 

10 step of determining the variance of the signal power (VSP) 
around decision points of the current message block. 

4. A method as recited in claim 1, wherein said 
step of computing the block quality metric comprises the 
step of determining the mean squared error (MSE) around 

15 decision points of the current message block. 



comprising the steps of rejecting said current message 
block and returning to step (b) if, at step (d) , said block 
quality metric does not bear said predetermined relation to 
20 said first threshold. 



5 . 



A method as recited in claim 1, further 



6. A method as recited in claim 2, further 



comprising the steps of rejecting said current message 
block and returning to step (b) if, at step (h) , said 
number of erasures is not below said third threshold. 



25 



7. A method as recited in claim 2, further 



comprising the steps of rejecting said current message 
block and returning to step (b) if, at step (j), said 
number of errors is not below said fourth threshold. 



30 



8. A method as recited in claim 2, wherein the 
number of copies of each message block is predetermined and 
further comprising the steps of, after step (b) , 
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determining whether said copy of the current message block 
received at step (a) is the last copy of the current 
message block and, if so, generating quantized decision 
points for said current message block, performing a 
5 majority vote with said last copy of the. current message 
block and message blocks previously accepted by said 
receiving device to construct a hard-combined message 
block, and proceeding directly to step (i) to decode said 
hard -combined message block. 

10 9. A receiving apparatus for operation in an 

environment wherein multiple copies of message blocks are 
transmitted by a transmitting apparatus for reception, by 
said receiving apparatus, comprising: 

(a) means for receiving a copy of a current 
15 message block comprising a plurality of data bits; 

(b) means for generating unquantized output 
signals representative of all data bits in said current 
message block; 

(c) means for computing, on the basis of said 
20 unquantized output signals, a block quality metric 

indicative of the reliability of said current message 
block; 

(d) means for comparing said block quality 
metric with a first threshold; 

25 (e) means for combining said current message 

block with a message block previously accepted by said 
receiving means to obtain a combined message block if said 
block quality metric bears a predetermined relation to said 
first threshold; 

3 0 (f) means for decoding said combined message 

block; and 

(g) means for interrupting reception of further 
copies of said current message block for a specified period 
of time. 
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10. An apparatus as recited in claim 9, wherein 
said computing means computes the variance of the signal 
power (VSP) around decision points of the current message 
block. 

5 11. An apparatus as recited in claim 9, wherein 

said computing means computes the mean squared error (MSE) 
around decision points of the current message block. 

12. An apparatus as recited in claim 9, further 
comprising means for rejecting said current message block 

10 if said block quality metric does not bear said 
predetermined relation to said first threshold. 

13. An apparatus as recited in claim 9, further 
comprising means for determining the number of erasures in 
said combined message block and rejecting said current 

15 message block if said number of erasures is not below a 
second threshold. 



14. An apparatus as recited in claim 13, further 
comprising means for determining the number of errors in 
said combined message block and rejecting said current 

20 message block if said number of errors is not below a third 
threshold. 

15. An apparatus as recited in claim 9, wherein 
the number of copies of each message block is predetermined 
and further comprising means for determining whether the 

25 copy of the current message block being processed is the 
last copy of the current message block "and, if so, 
generating quantized decision points for said current 
message block, performing a majority vote with said last 
copy of the current message block and message blocks 

30 previously accepted by said receiving means to construct a 
hard-combined message block. 
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16. A cellular telephone for operation in an 
environment wherein multiple copies of a message block are 
transmitted by a transmitting device, comprising a radio 
transceiver; a demodulator; a voice decoder; a voice 

5 encoder; a modulator; and control means for controlling the 
operation of the telephone so as to minimize its power 
consumption, said control means comprising means for 
controlling the telephone by adaptively determining the 
reliability of the reception of each copy of a received 
10 message block and, if a current copy of said received 
message block has a suitable signal quality, ignoring 
subsequent copies of said received message block for a 
predetermined period of time. 

17. A cellular telephone as recited in claim 16, 
15 wherein said control means comprises; 

(a) means for receiving a copy of a current 
message block comprising a plurality of data bits; 

(b) means for generating unquantized output 
signals representative of all data bits in said current 

20 message block; 

(c) means for computing, on the basis of said 
unquantized output signals, a block quality metric 
indicative of the reliability of said current message 
block; 

25 (d) means for comparing said block quality 

metric with a first threshold; 

(e) means for combining said current message 
block with a message block previously accepted by said 
receiving means to obtain a combined message block if said 

3 0 block quality metric bears a predetermined relation to said 
first threshold; 

(f ) means for determining whether said combined 
message block includes any erasures and, if so, the number 
of erasures; 

35 (g) means for comparing said number of erasures 

with a second threshold; 
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(h) means for decoding the combined message 
block to determine whether it includes any errors and, if 
so, the number of errors; 

<i) means for comparing said number of errors 
5 with a third threshold and, if the number of errors is 

below said third threshold, accepting said current message 
block; and 

(j) means for interrupting reception of further 
copies of said current message block for a specified period 
10 of time. 



WO 95/01697 



Page 20 of 22 



WO 95/01697 



PCT/US94/07310 



1/2 



8 




00 



o 

o u 



CM 

CO, 



Q> 0> 

11 



c 

.2 £ 
V o tif 
^ . two 

° o 
o 



Vis 

\ o — 



a> o 

3 



CD 



OJ 



CVJ 



C 

O w 

w <n 

O O o 

w °> s 

w *- 

O UJ 

u 



o ■? 



o 

E 
o 
o 



CM 



o o 
2 



o 2 

-o «-> 

a g 

a: 5 



CD 



O 

E 

ID 



CD 


m 


UI08J 


peot 




a> 


tn 


cc 


< 


in 


UJD 


eot 


a> 


a. 
a> 


<7> 





CD 

is 



< — 

E o 

w a> 

to K 



c 



to 



CM 



E 

_i 



WO 95/01697 



2/2 . 



PCT/US94/0731D 



Star! New Frame 
Processing 



30 



Generate Soft 
Outputs for 
Complete Block 



r 



32 



2. 



Generate hard 
Decisions 



Perform 
Majority Vote 




Prepare to 
Receive Next 
Block 



46 

-A 



Compute VSP 
over block 




Soft Combine 


T 








If Si<T2, 


/ 




Declare Bit 1 






As Erasure 







42 
43 




■ — ^ — I Generate 

Accept Block | -*' Sleep/Wake-up 
— — — — — 1 Signals 



58 

V 

Generate 



Wait till 
Beginning of 
Next Frame 



FIG. 3 



WO 95/01697 



Page 22of 22 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US94/07310 


A. CLASSIFICATION OF SUBJECT MATTER 




IPC(5) :H04M U/00 




US CL : 379/59 




According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 379/59, 58, 63, 356, 355, 67, 88 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 
A 
A 
A 



JP, A, 62-23266 (NUMATA et al.) 31 January 1987, Figure 
1 and text describing the figure. 

US, A, 4,885,762 (SUZUKI, et al.) 05 December 1989 
US, A 4,852,146 (HATHCOCK et al.) 25 July 1989 
US,A 5,212,721 (DELUCA et al.) 18 May 1993 
US,A 4,117,542 (KLAUSNER et al.) 26 September 1978 



1-21 

1-21 
1-21 
1-21 
1-21 



| | Further documents are listed in the continuation of Box C. | | See patent family annex. 



Special 

documentdefmmg the general state of (be an which ■ not c o n s i d e red 
to be part of particular relevance 

earlier docsmiem published on or after (be mtaroatwoal filing dale 

document which may throw doubts on priority cfaum(s) or which ia 
cited to ntaMiah the publication dale of another citation or other 
■on (as sp e ci fied) 



document referring to an oral disclosure, uac, exhibition or other 
docmnent published prior to the international filing dsle but huer than 



later document published after the mtermuxmal filing dale 
date and not m conflict with the applicatkn but cited to ' 
principle or theory underlying the invention 

^~-™~-»* of particular relevance; the churned mvenbon 
considered novel or canoe* be considered to involve an ' 
when the document ia taken alone 

dore i mrnt of particular relevance; the churned invention 
considered to involve an arvenuve step when the «' 
conibmed with one or mora other such documents, such 
being obvious to a person skilled in the aft 

doctnr. - -mber of the same patent family 



be 
step 



Date of the actual completion of the international search 
27 SEPTEMBER 1994 


Date of mailing of the international search report 

2 2 NOV 1994 


Name and mailing address of the ISA/US 
Commissioner of Patent* and Trademark* 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703) 305-3230 


Telephone No. (703) 305-4700 



Form PCT/IS A/210 (second shcet)(July 1992)* 



